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Recommended Liquid—Liquid Equilibrium Data.
Part 1. Binary Alkane—Water Systems
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The recommended liquid—liquid equilibriuthLE) data for 32 binaryn-alkane, isoal-
kane, and cycloalkane—water systems have been obtained after critical evaluation of all
data(345 data sejsreported in the open literature up to the end of 2002. The evaluation
of the alkane solubility data was based on a generalized equation, which allows predic-
tion of the alkane solubility as a function of temperature. Using the predicted alkane
solubilities the concentration of water in the alkane rich phase was calculated. The LLE
calculations were performed with the equation of state appended with a chemical term
(EoSQ proposed by Gal. The experimental solubilities of water in various alkanes
were compared to each other and to the calculated values. The recommended data are
presented in the form of individual pages containing tables, all the references, and op-
tionally figures. ©2004 American Institute of Physic§DOI: 10.1063/1.1643922
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1. Introduction

The objective of this paper is to provide selected and criti-
cally evaluated liquid—liquid equilibriundLLE) data for bi-
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TaBLE 1. Data for calculation of solubilities of alkanes in water by means of(EL).

CAS Name T, (K) P, (kPa) b (cn) 1N Xin Thin
109-66-0 pentane, {83, 470 3365 100.5 —11.50 306
110-54-3 hexane, ¢H1,4 508 3012 121.4 —13.04 306
142-82-5 heptane, {14 540 2736 142.3 —14.58 306
111-65-9 octane, Hig 569 2487 164.8 —16.24 306
111-84-2 nonane, ¢, 595 2280 187.9 —17.95 306
124-18-5 decane, {gH,, 618 2100 211.9 -19.72 306

1120-21-4 undecane,;,, 639 1930 238.5 —21.68 306

78-78-4 2-methylbutane, {€l;, 460 3381 98.1 —11.32 306

75-83-2 2,2-dimethylbutane,¢8,,4 489 3080 114.3 —12.52 306

79-29-8 2,3-dimethylbutane,¢8,, 500 3130 115.1 -12.57 306
107-83-5 2-methylpentane 48,4 498 3010 119.1 -12.87 306

96-14-0 3-methylpentane,¢8,4 504 3120 116.5 —12.68 306
590-35-2 2,2-dimethylpentane ;184 520 2770 135.3 —14.07 306
565-59-3 2,3-dimethylpentane,; 18,4 537 2910 133.0 —-13.90 306
108-08-7 2,4-dimethylpentane ;18,4 520 2740 136.6 -14.16 306
562-49-2 3,3-dimethylpentane; 18,4 536 2950 131.0 -13.75 306
591-76-4 2-methylhexane,;8;¢ 530 2730 139.9 —14.40 306
589-34-4 3-methylhexane,;8:¢ 535 2810 137.2 —14.21 306
589-81-1 3-methylheptane gB1g 564 2550 159.2 —15.83 306
540-84-1 2,2,4-trimethylpentanegl@;g 544 2570 152.5 —15.33 306
565-75-3 2,3,4-trimethylpentaneglg 566 2730 149.4 -15.11 306

3522-94-9 2,2,5-trimethylhexane i, 569 2370 173.0 —16.85 306
287-92-3 cyclopentane,s8;q 512 4508 81.8 —10.12 298
110-82-7 cyclohexane, 8, 554 4073 97.9 -11.31 298

96-37-7 methylcyclopentane 84, 533 3784 101.4 —11.56 298
291-64-5 cycloheptane,;€,4 604 3840 113.4 —12.45 298
108-87-2 methylcyclohexane,;81,4 572 3471 118.8 —12.85 298
292-64-8 cyclooctane, dBl;q 647 3570 130.6 -13.72 298

2207-01-4 1,2-dimethylcyclohexaneghd; ¢ 601 3170 136.6 —14.16 298
1678-91-7 ethylcyclohexane B¢ 602 3170 136.9 -14.18 298
1678-93-9 butylcyclohexane,; 5, 648 2450 190.6 —18.15 298
3741-00-2 pentylcyclopentane B, 644 2450 189.3 —18.05 298
nary n-alkane, isoalkane, and cycloalkane—water systems, b=0.0866RT,/P,. )
taken from the open literature up to the end of 2002 and

mostly completed with predicted data. The solubility of alkanes has a minimum at room tempera-

Solubility data for hydrocarbon—water systems were theyre. It was found that mole fraction of the alkane at the
object of the IUPAC Commission on Solubility Data and minimum (x,,,,) depends linearly ob

presented as Volumes 37 and 38 of the IUPAC Solubility
Data Series, edited by Shaw.This work takes into account
new data, which were published since that time. The critical
evaluation procedures were based on the correlating equ
tions developed by Gal presented by Meyrski et al®
Recommended data were prepared for 32 hydrocarbons
the bases of 345 data sets for 42 hydrocarbons obtained fr
82 references.

IN Xpin= C1+ C5b. (2

%he coefficientsc; andc, were determined using solubility
data in range 292-313 K. At these temperategsund the
‘?ﬂinimum) change of the solubility due to temperature is neg-
Oﬁbible compared to experimental errors. The mole fractions
(x) reported for this region were treated as experimental es-
timations ofx,;,. Altogether 169 points for 29 alkanes in-
2. Solubility of Alkanes in Water cluding n-alkanes, isoalkanes, and cycloalkanes were taken
into account. For each alkane the following procedure was
When a molecule of alkane is dissolved in water, the numapplied: At first Inx,,;, was calculated as the arithmetic mean
ber of hydrogen bonds broken and distorted depends vergf all experimental values of nreported for given mixture
much on the size of the cavity in the water needed to accomwithin the temperature interval 292—313 K. The points devi-
modate the dissolved molecule. It is assumed here that theting from the arithmetic mean of more than 2 standard er-
size of the cavity is proportional to the excluded volutbg  rors were rejected from further calculations. Then the data
used in equations of state of van der Waals type. In this workvere examined once more using the same procedure but with
Redlich—Kwong Equation of Sta{@®K Eo9 is used, where corrected arithmetic mean and new estimation of the stan-
b is calculated from critical temperaturd { and critical dard error. The procedure was repeated until no outlying
pressure P.): given in Table 1 points were found. The remaining 134 points were regressed
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Fic. 1. Inxy,, versus excluded volume of the corresponding alkidme

with

Eq. (2, which gave c;=—-4.08 and c,
0.0730molcm?®. Standard errors(In x,;,), resulting
from Eq. (2) can be estimated with

S(IN Xpmin) = (D 11+ 2D 10+ D 50%) %2,
D1,

©)

where D4, D,, are elements of the variance—

covariance matrix yielded by the method of least square

D{;=9.9x10 3, D;,=—6.9x10 °molcm 3, and D,,
=5.2x10" " (molcm )2, Validity of Eq. (2) is illustrated in
Fig. 1.

Each point in Fig. 1 is a mean value of solubility data in

range 292-313 K using the following number of the experi-

mental points: cyclopentang®), cyclohexang16), methyl-
cyclopentang3), cycloheptang?), methylcyclohexang?),
cyclooctane(1), ethylcyclohexang(1), propylcyclopentane
(1), pentylcyclopentane(1), pentane (11), hexane (17),
heptane(13), octane(13), nonane(4), decane(8), unde-
cane (2), 2,2-dimethylbutane (3), 2,3-dimethylbutane
(3), 3-methylpentané4), 2-methylpentan€s), 3,3-dimethyl-
pentane(2), 2,3-dimethylpentangl), 2,2-dimethylpentane
(1), 2,4-dimethylpentane (4), 3-methylhexane (2),
2-methylhexane (1), 2,3,4-trimethylpentane(2), 2,2,4-
trimethylpentang5), and 3-methylheptanél). The alkanes
within each group are listed in increasing ordetbof
Equation(2) is useful for identification of outlying experi-

S.
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some temperaturd,,,;,, these two effects cancel each other
giving Ag,;h=0 which, according to Eq4), corresponds to

the minimum solubility. Gillet al* have measured 4 as a
function of temperature. The measurements were made over
a narrow temperature range, but they suggest Mgh is
linearly dependent on temperature, which implies that heat
capacity of solution 4,,Cp) is constant. In this cas&gh

can be written as follows:

Agrih=AgCo(T—Trin)- (5

Integration of Eq.(4) with Ay.h as expressed with Ed5)
yields

INX=INXpin+t (AgCp/R)[ LT, +InT,—1], (6)

whereT,=T/T,,,. It is uncertain to what extent E@5) is
justified but the resulting Eq6) is commonly used for the
description of solubility of hydrocarbons in water. Econo-
mou et al® claim that Eq.(6) is very satisfactory up to the
three phase critical temperaturéx().

The minimum of the solubility curve is rather flat, whose
obstacles determin&,,,. It can be varied by about 10 K
without affecting the accuracy of the approximation of the
solubility data with Eq(6). In this situation an average value
Thin=306 K was adopted fon-alkanes and isoalkanes. For
the cyclohexane/water mixture the calorimetric measure-
ments yieldedr ;=298 K. This temperature works well for
all cycloalkanes investigated in this work and was adopted
for cycloalkane/water mixtures.

Equation (6) can be linearized using the notatiol:
=InX, Yo=InXpin, andX=[1/T,+InT,— 1], which gives

)

The experimental points for the given alkane should lie on a
straight line defined by Ed.7), whereY is determined by
Eq. (2). This feature was used for identification of the outly-
ing points. The example is shown in Fig. 2. The black circle
in Fig. 2 indicatesy, determined by Eq(2). It agrees with
data of Heidmaret al® The second set of points also lie on a
straight line but the dashed line does not go through the
black circle and consequently it is not consistent with Eq.

Y=Yo+ (AgiCp/R)X.

mental data not only at the minimum but also at other tem{2). This deviation between the black point and the points
peratures, because the experimental points at other tempe@pproximated with the dashed line was ascribed to error of

tures should lie on a curve going throughxly, predicted
with Eq. (2).
The mole fraction of an alkane in wateq) at temperature

the experimental points.
The positively evaluated experimental points were re-
gressed with Eq(7) (solid line in Fig. 3 yielding the value

(T) along the three phase equilibrium line can be obtained bpf (Ag.Cp/R). Plots such as those shown in Fig. 2 were

integration of equation:

[9Inx/d(LT)]p=—Agyh/R, 4)

done for ten mixtures. Other systems reported in the litera-
ture were not suitable for determination af {,Cp/R), be-
cause they were investigated only in the vicinity Bf;,,

where Agh is the heat of solution of the alkane, which is whereX~0 or they are too scattered. The adjusted values of
equal to the difference between the partial enthalpy of théA,Cp/R) are plotted in Fig. 3 for the following cycloal-
alkane at infinite dilution and the molar enthalpy of the purekanesn-alkanes, and isoalkanégsted in increasing order of

alkane. Activity coefficient was omitted in E¢4), because
X<0.001 in the whole temperature rangkyh includes a

b within each group cyclohexane, methylcyclohex-
ane, ethylcyclohexane, pentane, hexane, heptane, octane,

positive heat of cavity formation and a negative heat of hy-2,3-dimethylbutane, 2-methylpentane, and 3,3-dimethyl-
drophobic interaction between the hydrocarbon and water. Apentane.

J. Phys. Chem. Ref. Data, Vol. 33, No. 2, 2004
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Fic. 2. Solubility of ethylcyclohexane in watei®) calculated with Eq(2);
(0O) data of Guseva and ParroyO) data of Heidmaret al®; approximated
with Eq. (7).

The approximating line in Fig. 3 fulfills the relation
(AsinCp/R)=c3b. (8

In order to determine; Eq. (8) was introduced into E(7),
which was rearranged to form

AY=c;Z, 9)
where

AY=Y-Yy and Z=b[1/T,+InT,—1].

MACZYNSKI, WISNIEWSKA-GOCLOWSKA, AND GO RAL

wheres(AY) is the standard error &Y resulting from Eq.

(9) and G4 is the variance oft; obtained from the least
squares method. Summarizing the obtained results one can
write Eq. (6) in the following form:

InX=1InXpint C30[ Trin/ T+ IN(T/Trin) — 1], (1D

where Inx,,;, is calculated with Eq(2). Parameters of Eq.
(11) for alkanes investigated in this work are given in Table
1. For other alkanes I, and b can be estimated from
critical parameters by means of Eq$) and(2).

Taking into account Eqs(3) and (10b) one obtains the
formula for standard error of baresulting from Eq.(11),
denoted here bg(Inx):

S(ln X) :{D11+ 2D12bi + D22b2+ Gllb2
X[ Tonin/ T+ IN(T/ T ) — 11219,

Coefficients of Eq(12) are given above in the text.

The verification procedure for solubility of alkanes in wa-
ter was based on E@l1). Accuracy of this equation can be
estimated with Eq.12). For example, if one assumds
=100 cn? mol~! then Eq.(12) givess(Inx)=0.04 at 300 K
ands(Inx)=0.05 at 500 K. Foib= 200 cnt mol~* the cor-
responding values d&(Inx) are 0.06 and 0.08, respectively.
A standard error of the experimental data was estimated us-
ing the set of 134 selected experimental points, which were
regressed with Eq2). The regression gave the standard er-
ror of individual experimental value of kequal to 0.27.
Moreover some data exhibit systematic errors, as for ex-
ample the data shown in Fig. 2. Therefore discrepancy be-

(12

ity data for various alkanes. These data were evaluated usingther ascribed to the error of the data.

plots like that shown in Fig. 2. Altogether 52 points corre-

Equations(2) and (11) are not valid forn-alkanes higher

sponding to ten mixtures were selected. This set does n@kan undecane. Their solubility is bigger than those predicted

include points, which were measured in the vicinityTof;, ,

because such points fulfill Eq9) by definition. Simulta-
neous regression with E¢Q) gave the following estimations:

c3=0.376 molcm?3, (109
S(AY)=2Z(G;,)°%, (10b)
G1;=6.6x10 % (molcm %)2, (100
80
60 +
gB-
Q40 |
a O cycloalkanes
20 F O alkanes
A isoalkanes
wmmrae calculated
0 1 1 1
0 50 100 150 200
b/em* mol”’

Fic. 3. (AgiCp/R), obtained from experimental data by means of &9.
versus excluded volumg).

J. Phys. Chem. Ref. Data, Vol. 33, No. 2, 2004

by Eq.(11). This phenomena is discussed by Tsonopoftilos.

3. Solubility of Water in Alkanes

Solubility of water in hydrocarbons can be described by
Eqg. (13):

[ In(Xwyw)/I(LT) ]p=—Agphy /R, (13

where v,, denotes activity coefficient of water standardized
in respect to infinite dilution, e.gy,,=1, when concentra-
tion of water is sufficiently lowA -.h,, denotes the change in
enthalpy when 1 mole of water is transferred to the infinitely
diluted solution. This process causes complete breaking of
the hydrogen bonds between water molecules and their re-
placement by much weaker van der Waals interactions be-
tween water and the hydrocarbon molecules. Thygh,,
depends mainly on the enthalpy of the hydrogen bonds and is
weakly dependent on alkane. Equatid8) is analogous to

Eq. (4) but due to the big value ohh, the solubility of
water increases quickly with temperature achieving such big
values thaty,, must be taken into account, when one inte-
grates Eq(13). Therefore an approach based on integration
of Eq. (13) is not used here.
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In this work the alkane solubilities predicted with Ed1) Eqgs.(16) and(17). Differentiation is performed with respect
were used for the calculation of water concentration in theo the number of moles of thidh component. Equatiofi5)
second liquid phase. These calculations use LLE. is also applicable for pure components provided that the fol-

The equilibria between vapor and the alkane saturatetbwing constraints are usedj=1, a=ay,; andb=by. In
with water were successfully correlated by the modificationthe EoSC method the equation of state of the pure hydrogen
of the Redlich—Kwong equation proposed by Zudkevitch ancbonding component is not modified. Pure water is treated in
Joffe? A similar approach was used by Tsonopoulos andhe same way as a hydrocarbon. The excluded volume of a
Wilson ° However, these simple EoSs fail for the water-rich pure substance is assumed to be temperature independent
phase. and is calculated from the relevant critical parameigrand

Another approach is to use equations which account foP. using the standard formula for RK EoS given previously
hydrogen bonding. In this work a method of correlation ofby Eq. (1). For alkanesa was calculated from the equation
phase equilibrium developed by @i is used. This method given by Soav¥
(EoSQ is based on the RK EoS appended with a term, which _ 05 2
accounts for hydrogen bonding. EoSC was successfully used (M) =a(To{1=m{(T/Te) >~ 1]}, (19
for correlation and prediction of vapor—liquid equilibrium wherea(T,) is calculated from critical temperatur& ) and
(VLE) and LLE in I:%drogen bond forming binary and mul- critical pressure ):
ticomponent systems,for correlation and verification of se- _ 2
lected VLE data on alcohols and hydrocarbdfig? and for a(Te)=0.427 4TTc/Po). (20
simultaneous correlation and prediction of VLE and LLE Coefficientm in Eq. (19) is temperature independent but it

data in a hydrogen bonding quaternary systém. depends on alkanen was determined via Eq19) from the
The calculations of the phase equilibria were performedvalue of a at T=0.7T.. This value ofa was found from
using general constraints: adjustment to the saturated vapor pressure of the alkane in

(1) _© the following way: at first liquid and vapor molar volumes,
i (X, 0) = ui 7 (X, 0), (143 nder the vapor pressure, were calculated from the RK EoS
W),y _ (2 . using a starting value od. These volumes were introduced
tur (%4,0)= " (%, ), (14D into Eq. (15) to calculate chemical potentials of the pure
wherep™, 1@, uH | andu!? are the chemical potentials component in the liquid and vapor phases. At equilibrium the
of ith hydrocarbon and water in the coexisting phases. Thehemical potentials in both phases must be equal. If not, the
chemical potentials yielded by EoSC depend on one adjusiralue ofa was improved in the next iterations until a satis-
able paramete® defined by Eq.(18). Because the mole factory value ofa was obtained.
fraction of alkane X;) in the water rich phase is known from  For water Eq.(19) was modified. The following resulting
Eq. (11) then two unknown quantitie¥) and mole fraction equation used in RK EoS reproduces well the temperature
of water (x,,) in the second phase, can be found by solvingdependence of the saturated vapor pressure of water:
the set of two equation&4g and (14b). B 0.74 2
In the EoSC chemical potential is separated into physical a(T)=a(Te){1-0.699 (T/Te) ™= 1]}~ (21)
and chemical contributions. To calculate the physical contri- In mixtures Eq.(15) is supplemented with the chemical
bution the RK EoS was used. This yields the following for- term FE,chem' which accounts for the change in hydrogen
mula for change of the chemical potential of tkte compo-  bonding in the mixture with respect to the pure component.
nent with respect to the standard state defined as a perfe€his gives
gas at 1 kPa at the same temperature:

I:E,chem: Fk,chem_ I:<IJ<,chem+ Ak ' (22)
— %1 ,
Apm=RTINDGRTI(V=b)P™]=(na/b)’In(1+b/V) whereF chemandF, ., COrrespond to théth substance in
+(by/b)(PV—=RT), (150  the mixture and in the pure state, respectively. The expres-

. . sion for F is as follows:
where P* is standard pressurd/ is molar volume deter- k.chem

mined with the RK EoS at temperatufle pressureP, and Fi cheni= RTIN Bx—= (V= bi) Penem, (23
mole fractionx, using parametens anda calculated with the

) oY where B, is the fraction of free, nonhydrogen bonded mol-
classical mixing rules

ecules of the bonding substan¢eere water at chemical

b=xb;+x;b; , (16) equilibrium with hydrogen bonded clusters. For the nonasso-
) ) ciating component the constraim;=1 must be used in Eq.
a=Xjayi +2x;Xja;; +Xjay; (17)  (23). Pchemis change of vapor pressure due to the hydrogen

bonding. To use Eq23) one must determine the dependence
of By and P ,em ON concentration. General formulas were
described by Gml.}” These formulas applied to the systems
aijz(a“ajj)o'S(l—ij). (18 investigated herdwater and nonhydrogen bonding second

(na/b)’ in Eq. (15) denotes the differential oin@@/b) where componentreduce to the following equations:
n is the total number of moles araj b are expressed with Bi=X4, (24

wherea;; is related to the binary adjustable paramégrby
the equation:

J. Phys. Chem. Ref. Data, Vol. 33, No. 2, 2004
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Pehen= (X—1)C, (25) The excluded volume of watebg() used in the chemical
part[Egs. (23) and (26)] is shifted with respect tb,,, cal-

where X i? a fraction of free hydrogen atoms of Wa(ﬂo'_[ culated with Eg(1) and used in the physical part. This shift
engaged in hydrogen bond€ depends on the mole fraction Ab.=—6.5cmmol~! is used in all mixtures of water. For
of water (x,,) and alkaneX;) in the following way: hyc\iNrocarbonsSb:O

i=0.

C=2RTX,/[Xy(Vy—by) +x;(Vi—b)], (26) The input information for the described LLE calculations
. . ) is solubility of alkane in water, calculated with E@L1).
in which V,, andV; are molar v_olumes of pure water aitd Using the alkane solubilities the concentration of water in the
alkane. They are calculated with the RK EoS under the vapog,, . ne rich phase was calculated. The solubility of water was

prezsgreszEth(;)T.ixturfbwl anccji E‘ ar(T _echLrj]ded volgmes used only at the beginning of this investigation to fix the
usedn 05X is calculated by solving the equation parameters used in the model of watk( AH?, AC,, and

X=1/(1+KXC), (27)  Ab).

Altogether solubility of water in 32 selected alkanes was
calculated. These systems includalkanes, isoalkanes, as
. ¢ : well as cycloalkanes. For 11 systems only alkane solubilities
equations aﬁk’Chem’ but using th.e.clonstralmk= L. For Y- were reported. For the other 21 systems the calculated water
drocgrbonstlchemls Zero by _def|n|t|0n. The termk n Eq.. solubilities were compared with experimental solubilities at
(22) is a small correction, Wh'c,h doe§ hot contain any adJUSt'298 K. This temperature was chosen because many systems
able pargmeters and was de.fmed byrah&' : _were measured only in the vicinity of this temperature. The
. Equat|ons_(24)—(_27) are valid for the continuous associa- experimental mean value of the water solubility at 298 K
tion model in which a hydrogen bonded cluster of water,,q gpained from regression of the experimental data. The

molecules possessing unshared electron pairs or nonhydrg— - : :

- approximating equation was derived from E#j5) appended
gen bonded hydrogen atoms can grow by hydrogen bondm@,ith the association term, which gives
to adjacent molecules of water. The kind and concentration '

of the hydrogen bonded clusters depends on the chemical = pi + RTINDGR T/ vP* 1+ ey resia® Mk, chems
equilibrium in the mixture. It is assumed that formation of (31
e.ac.h hydrogen bond n water is described by the same aSS@hereRT/v is a shortened notation for the repulsive term,
ciation constanK. In this work the temperature dependence

: . : ) . “RT/(V—Db), in RK EOS, uy resig. Fesults from the attraction
of K was obtained by |r_1tegrat|on of th.e van't Hoff equation, term in EOS, anduy chem results from association. At equi-
which yields the following expression: '

librium the chemical potential of theth component in both
K=Kgexd (—AHYR)(1/T—1/Ty)]exp{(— AC,/R) coexisting phases must be equal. When Bd) is applied to
water this constraint gives the following equation for mole

fraction of water in thdath alkane k,):
whereKj is the equilibrium constant at the reference tem- L _
peratureT,=303.15 K,AH? is the molar enthalpy of hydro- INDXvw/ Vil = = [A o resia A ttw,chend/RT, - (32)
gen bond formation, and C,, is the corresponding heat ca- where it was assumed that in the water rich phasan be
pacity. The following values of these quantities werereplaced by a corresponding value of pure watey)(and

where K is the equilibrium constant of self-association of
water. For pure WateF(k),chem is calculated with the same

X[To/T=1+In(T/Ty) 1}, (28

adopted: analogously for the alkane rich phase at low temperature
Ko=0.100 MPa?, (293 ~1, v~v;. Further rearrangement gives
(—AHY/R)=2200 K, (29b) DXy vy /vi]=Ai =B IT. (33
(—AC,/R)=3, (299 This equation is valid at low temperatures where solubilities

in both phases are small. Paramet&randB; were adjusted
whereAH? was estimated from g h,,, used in Eq(13). As  to experimental solubilities of water in thth alkane below
was noted above, the main contributionAa,, results from 323 K. It appears that values Af andB; have similar values
breaking about 2 moles of hydrogen bonds, hence it wafor various alkanes, which is useful for evaluation of the
assumed: water solubility data. Values of [r,v,,/v;] at temperature
CAHO~ A h /2 (30) 293 K obtair_led from regressio_n of ex_perimenta_ll da_lta were
sinwi < compared with the values predicted with EoSC in Fig. 4.
These solubility data yieldedA(.hy,/R)/2~2200 K, which The four points shown in the upper left corner of Fig. 4 are
agrees with the assumed value fAH®/R. Nilssort® has  too high with respect to the calculated points as well as with
obtained a similar value from the calorimetric measurementsespect to other cyclohexanes. These points correspond to
(—AC,/R) in Eq. (28) was treated as an adjustable param-solubility of water in cyclopentane, methylcyclopentane, me-
eter, which should be nearly zero as is suggested by th#aylcyclohexane, and ethylcyclopentane reported by Englin
Nilsson’s calorimetric measuremenks, was adjusted to the et alX® It should be noted that solubility of water in cyclo-
LLE data. The numerical values, listed in Eq899—(29¢  hexane and ethylcyclohexane, investigated by 15 different
were used in all LLE calculations. laboratories, agree with the calculated values. This suggests
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9 can be drawn. We believe that E@4) with the parameters
o 8 given in Table 2 can be used up to temperatures about 40 K
92 o below TC.

0 4. Conclusions

In [x VoV

Solubility of alkanes in water can be calculated with good

-10 |:|A o) accuracy with Eq(11). Solubility of water in alkanes can be
calculated with EoSC in conjunction with EGL1). To apply
-10.2 * ! ' the presented equations no experimental solubility data are
60 160 260 360 necessary. This method of prediction was tested using all

available solubility data for the alkane—water systems. The
presented tests and good agreement between the calculated
Fic. 4. Ix,»y,/v;] at 298 K versus excluded volume of the alkabefor gy bilities and the recommended data convince us of the
cycloalkanes(O); n-alkanes((J); and isoalkane$A). The shadow points f th lculati I int | ist
correspond to solubilities predicted with EoSC. accuracy o e Calculations as well as Internal consistency

and good quality of the recommended data. As was men-
tioned previously, Eq(11) must not be applied to gnormal
alkanes.

b /em’-mol’

systematic error of the mentioned data of Engliral1® On

the other hand the point corresponding to buthylcyclohexane

is too low, but it was extrapolated from a single experimental

poin'F measured at 311 K. With the exception of two points, 5. Description of Tables Containing
relatively small deviations are observed foalkanes and the Recommended Data
isoalkanes. Each of the deviating points correspond to data

reported by only one source.

Apart from the cases mentioned the differences between Each system in Table 3 is presented separately, which in-
experimental and calculated values are lower than 20% ofludes a table of LLE data along the three phase equilibrium
X, Which corresponds to absolute error>qf lower than line and optionally the corresponding figures.

0.0001. It seems that the deviations result mainly from error The tables contain data which differ from the calculated
of the experimental data, because within the same class &Blues by less than 30% with respect to the mole fraction of
mixtures both positive and negative deviations are observethe solute compound. This criterion discarded 245 out of a
in Fig. 4. total number of 568 experimental points investigated in this

The experimental solubilities at other temperatures aravork. If more data at the same temperature fulfills this cri-
compared to the predicted solubility curves in the sheets coiterion then only one experimental point was chosen and
responding to the particular mixtures. The plots are given foplaced in the table. The selection was done taking into ac-
mixtures investigated in a sufficiently large temperature in-count the agreement with the recommended data at other
terval. These plots show good agreement between experiemperatures and the agreement with the calculated solubil-
mental and predicted data. ity. The tables contain experimental mole fractions of the

For convenience of the reader the solubility curves presolute component and the corresponding calculated values.
dicted with EoSC were approximated with the following Symbol x; denotes the mole fraction of the alkane in the

equation proposed by Econometial..® water-rich phase, ang, denotes mole fraction of water in
the alkane-rich phase. Values denotedxgy,. were calcu-
Inxy,=d;+dy(1T,—1)+da(1—T)¥3+dy(1-T)), lated with Eq.(11). Coefficients of this equation are given in

(34  Table 1. Values ok ., were calculated with E¢(34). Co-
efficients of this equation are given in Table 2. These coef-

where originallyT,=T/T3.. In most cases three phase criti- ficients were found in the following way: at first LLE calcu-
cal temperatureT(s.) is not known and instead df;. some  lations were performed with EoSC using solubility of alkane
adjustable temperaturB’=T,, is used in Eq(34). Param- predicted with Eq.(11). Next the calculated solubilities of
eters of Eq(34) are given in Table 2 for alkanes investigated water were approximated with E¢34).
in this work. This equation approximates well the solubilities Additionally, for mixtures investigated at a sufficiently
produced by EoSC. However, one must take into accounarge temperature interval the figures are given. One type of
that the solubilities, yielded by EoSC, are less accurate in thBgure shows solubility of alkanes in water. In these figures
vicinity of T5.. Only few systems are measured in the wholetemperaturdT) is plotted versux, . The figures wherd is
temperature range. In these systems EoSC approximates welbtted versux, show solubility of water in the correspond-
the experimental data but generally no definite conclusionég alkane.
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TaBLE 2. Data for calculation of solubilities of water in alkanes by means of(84).

CAS Name d; d, ds d, T
109-66-0 pentane, {E,, —1.591 —6.577 —0.064 —5.526 467.5
110-54-3 hexane, ¢H14 —1.118 —6.113 —0.144 —5.049 499.8
142-82-5 heptane, £l —0.633 —6.177 —0.846 —3.372 524.2
111-65-9 octane, §Hig —0.456 —5.460 —0.260 —4.467 553.8
111-84-2 nonane, ¢85 —0.240 —5.636 —1.029 —3.056 558.8
124-18-5 decane, {gH., —0.087 —5.338 —-0.910 —3.269 577.2

1120-21-4 undecane,;¢,, -0.104 —5.430 —0.984 —2.656 582.6

78-78-4 2-methylbutane, &, —1.706 —6.782 —0.047 —5.509 458.7

75-83-2 2,2-dimethylbutane,¢8,, -1.299 —6.468 —0.056 —5.005 484.4

79-29-8 2,3-dimethylbutane,s8,4 —1.219 —6.291 —0.091 —4.950 493.7
107-83-5 2-methylpentane B84 —1.207 -6.227 —0.065 —5.204 491.7

96-14-0 3-methylpentane 8., —-1.169 -6.213 -0.158 —-4.918 497.4
590-35-2 2,2-dimethylpentane ;8¢ —-0.979 —6.097 —0.080 —4.698 509.8
565-59-3 2,3-dimethylpentane; i85 -0.810 -6.176 -0.538 -3.671 522.1
108-08-7 2 4-dimethylpentane; 18,4 —-0.974 —-6.061 -0.081 —4.808 509.3
562-49-2 3,3-dimethylpentane; i8¢ —0.879 -6.176 -0.367 —3.816 521.4
591-76-4 2-methylhexane,;8:¢ —0.806 —6.122 —0.457 —4.092 517.0
589-34-4 3-methylhexane,;8;¢ —0.789 —6.140 —0.530 —3.835 520.6
589-81-1 3-methylheptane g8, —0.509 —5.789 -0.714 —3.681 539.9
540-84-1 2,2,4-trimethylpentanegl€;g —0.499 -6.314 —0.954 —2.859 526.7
565-75-3 2,3,4-trimethylpentanegl@; g —0.466 —5.950 —0.968 —3.034 541.6

3522-94-9 2,2,5-trimethylhexane i€, —0.486 —5.745 —0.518 —3.776 543.4
287-92-3 cyclopentane,s8;, —1.397 -6.191 —0.339 —4.792 503.1
110-82-7 cyclohexane, €, —0.963 —6.267 —0.710 —-3.111 533.3

96-37-7 methylcyclopentane B, —1.054 —6.303 —0.450 —3.846 518.9
291-64-5 cycloheptane,;€4 0.158 —6.158 —2.940 —0.450 564.3
108-87-2 methylcyclohexane;8,, —0.203 -6.277 -1.935 —1.695 545.3
292-64-8 cyclooctane, Bl 0.050 —5.445 —2.013 —2.032 586.6

2207-01-4 1,2-dimethylcyclohexaneghd; ¢ —0.028 —5.810 —-1.851 —-2.191 562.4
1678-91-7 ethylcyclohexane gB1g —0.006 —5.839 —1.937 —2.037 563.2
1678-93-9 butylcyclohexane, .o 0.178 ~5.506 ~1.566 —-2.253 587.2
3741-00-2 pentylcyclopentane B, 0.018 —5.412 -1.207 -2.827 585.0

6. References (1964).

8C. Tsonopoulos, Fluid Phase Equilibs6, 21 (1999.

°D. Zudkevitch, and J. Joffe, AIChE 16, 112(1970.
10C. Tsonopoulos and G. M. Wilson, AIChE 29, 990 (1983.
M. Goral, Fluid Phase Equilibl18, 27 (1996.
12M. Goral, A. Maczyrski, A. Bok, P. Oracz, and A. Skrzec¥apor-Liquid
York, 1989. Equilibria, Vol. 3, AlcoholstAliphatic Hydrocarbons(Thermodynamic
2D. Shaw, editor,JUPAC Solubility Data SerigsVol. 38, Hydrocarbons Data Center, Warsaw, 1998

with Water and Seawater, Part Il: Hydrocarbong tG Czs (Pergamon, 13y, Goral, A. Maczyrski, A. Bok, P. Oracz, and A. Skrzec¥apor-Liquid

ID. Shaw, editor,]JUPAC Solubility Data SerigsVol. 37, Hydrocarbons
with Water and Seawater, Part |: Hydrocarborst€C, (Pergamon, New

New YOfk', 1989. ] ) Equilibria, Vol. 4, Alcohols+Non-Aliphatic HydrocarbongThermody-
3A. Maczyrski, M. Goral, B. Wisniewska-Goctowska, A. Skrzecz, and D. namic Data Center, Warsaw, 1988

Shaw, Monatshefte fuChemie134, 633(2003. 14M. Goral, P. Oracz, A. Skrzecz, and A. Mayrski, J. Phys. Chem. Ref.
4s. J. Gill, N. F. Nichols, and I. Wadso, J. Chem. Thermodyn175 Data31, 701(2002.
5(1975; 8, 445(1976. 15M. Goral, P. Oracz, and S. Warycha, Fluid Phase Equilgs, 51 (1997).

I. G. Economou, J. L. Heidman, C. Tsonopoulos, and G. M. Wilson, 16 Soave, Chem. Eng. S@7, 1197(1972.

AIChE J.43, 535(1997). M. Goral, Special Report 2002/1, Warsaw University, 2002.
6J. L. Heidman, C. Tsonopoulos, C. J. Brady, and G. M. Wilson, AIChE J.185 0. Nilsson, J. Chem. Thermodyts, 877(1986.

31, 376 (1985. 19B. A. Englin, A. F. Plate, V. M. Tugolukov, and M. A. Pryanishnikova,
“A. N. Guseva and E. |. Parnov, Vestn. Mosk. Univ., Ser. 2: Khi®).77 Khim. Tekhnol. Topl. Masell0, 42 (1965.
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3. Recommended LLE data for alkane—water systems

Table 3.1. Pentane—water

Components
Pentane; €H;,; [109-66-0
Water; H,0; [7732-18-3

References

C. Black, G. G. Joris, and H. S. Taylor, J. Chem. PH\&.537 (1948.

2J. A. Jonsson, J. Vejrosta, and J. Novak, Fluid Phase Eq@ilid79 (1982.

°H. D. Nelson and C. L. De Ligny, Recl. Trav. Chim. ays-Bas B&If.528(1968.
4J. Polak and B. C. Y. Lu, Can. J. CheBil, 4018(1973.

5L. C. Price, Am. Assoc. Pet. Geol. BuB0, 213(1976.

Reference liquid—liquid equilibrium data

Water rich phase

Hydrocarbon rich phase

T (K) Xl,exp Xl,calc T (K) X2,exp X2,calc
273.2 1.64x 10°° (Ref. 4 1.4x 10°° 298.0 4.8K10 4 (Ref. 1) 6.2x10° 4
277.2 1.02¢X 107° (Ref. 3 1.3x 1078

283.2 1.07x 10°° (Ref. 3 1.2%x 10°°

288.2 1.07X 107° (Ref. 2 1.2x 1078

293.2 1.03x 10°° (Ref. 2 1.1%x 10°°

298.2 1.19x 10°° (Ref. 4 1.1x 10°%

303.2 1.01x 107° (Ref. 3 1.1%x 10°°

308.2 1.01x 10°° (Ref. 2 1.1x 10°°

313.3 9.90x 10 ° (Ref. 5 1.1x 1078

328.9 1.04x 10°° (Ref. 5 1.2x 10°°

372.3 1.73x 107° (Ref. 5 2.2x 1075

394.5 2.74x 10°° (Ref. 5 3.4x 107°

410.5 5.01x 10 ° (Ref. 5 48x10°°

422.7 7.43< 107° (Ref. 5 6.5% 107°

Other references:

5G. Barone, V. Crescenzi, B. Pispisa, and P. Quandrifoglio, J. Macromol. Chef61 (1966.

’J. F. Connolly, J. Chem. Eng. Dat4, 13 (1966.
8H. Fuehner, Ber. Dtsch. Chem. Gé&§, 510(1924.

9. M. Korenman and R. P. Aref'eva, Patent USSR, 553 524, 1977.04.05.

10C. McAuliffe, J. Phys. Chemi70, 1267 (1966).

YA Yu. Namiot and S. Ya. Bender, Khim. Tekhnol. Topl. Mageb2 (1960.

12R. A. Pierotti and A. A. Liabastre, U.S. NTIS, PB Rep., No 21163, 1131872.

18E. S. Rudakov and A. I. Lutsyk, Zh. Fiz. Khis3, 1298(1979.

4y B. Tewari, M. M. Miller, S. P. Wasik, and D. E. Martire, J. Chem. Eng. D2afa451(1982.

450
400 |
M
S~
e~ 350
O Ref.2
A Ref.3
300 | O Ref4
® Ref 5
— calculated
250 . : :

10°x,
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Table 3.2. Hexane—water

Components References
Hexane; GH,,4; [110-54-3 1S. D. Burd, Jr. and W. G. Braun, Proc. Am. Pet. Inst., Div. Ref#).464 (1968.
Water; H,0; [7732-18-3 2B. A. Englin, A. F. Plate, V. M. Tugolukov, and M. A.

Pryanishnikova, Khim. Tekhnol. Topl. Mas&0, 42 (1965.

3J. A. Jonsson, J. Vejrosta, and J. Novak, Fluid Phase Eq@ilid79 (1982.

4P, J. Leinonen and D. Mackay, Can. J. Chem. B51g.230(1973.

5H. D. Nelson and C. L. De Ligny, Recl. Trav. Chim. Pays-Bas B8¥528(1968.
6J. Polak and B. C. Y. Lu, Can. J. CheB1, 4018(1973.

L. C. Price, Am. Assoc. Pet. Geol. BuB0, 213(1976.

8Sugi and T. Katayama, J. Chem. Eng. Jp@,. 400 (1977).

“Tsonopoulos and G. M. Wilson, AIChE 29, 990 (1983.

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase
T (K) Xl,exp Xl,calc T (K) Xz,exp X2,ca|c
273.2 3.44x 10 ° (Ref. 6 33x10°° 273.2 1.34x 10" * (Ref. § 1.9% 1074
277.2 3.42< 1076 (Ref. 5 3.0x 1078 293.2 4.83< 107 (Ref. 2 4.9x 104
287.2 3.17¢ 10 ® (Ref. 5 2.6x 1078 298.2 5.10< 10 * (Ref. 8 6.1x 1074
288.2 2.24< 10°° (Ref. 3 2.6x 1078 303.2 8.56x 10 (Ref. 2 7.6x 1074
293.2 2.15< 10 © (Ref. 3 2.5x 108 313.2 1.17< 10 ° (Ref. 9 1.2x 1078
298.2 2.50 107 ¢ (Ref. 4 2.4%x 1078 354.8 6.70x 102 (Ref. 1) 5.6x% 1073
303.2 2.09x 10" ¢ (Ref. 3 2.4%x 1078 366.5 1.00x 1072 (Ref. 1 8.4x 1073
308.2 2.11X 10°° (Ref. 3 2.4%x 1078 379.3 1.51x 102 (Ref. 1) 1.3%x 1072
313.3 2.11x 10°° (Ref. 7) 2.4%x 1078 394.3 2.30x 1072 (Ref. 1) 2.0x 1072
328.9 2.76< 10 ¢ (Ref. 7 2.7%x 1078 400.4 2.72¢ 10 2 (Ref. 1) 2.4% 1072
342.9 3.18< 1076 (Ref. 7 3.2x 1078 417.6 4.21x 1072 (Ref. 1) 3.9% 1072
372.3 4.68< 10 ® (Ref. 7) 5.5x 10 ¢ 422.0 4.74¢ 10 2 (Ref. 1) 4.5x 102
387.6 6.10x 1076 (Ref. 7) 7.8%x 1078 4315 5.75< 1072 (Ref. 1) 5.8% 1072
394.5 7.86x 107 ¢ (Ref. 7) 9.3x 1078 442.6 7.30¢ 1072 (Ref. 1) 7.8% 1072
410.5 1.19¢ 10°° (Ref. 7) 1.4x 1075 449.8 8.44x 1072 (Ref. 1) 9.3x 1072
425.0 2.32< 107° (Ref. 7) 22X 107° 452.6 9.02< 1072 (Ref. 1) 1.0x 107
460.4 1.032x 10! (Ref. 1) 1.2x 1071t
468.2 1.294x 107! (Ref. 1) 15%x 107t

Other references:

1M, Aquan-Yuen, D. Mackay, and W. Y. Shiu, J. Chem. Eng. D24a30 (1979.

11G. Barone, V. Crescenzi, B. Pispisa, and P. Quandrifoglio, J. Macromol. Cher1 (1966.
12y G. Benkovski, M. H. Nauruzov, and T. M. Bogoslovskaya, Tr. Inst. Khim. Nefti Prir. Solei, Akad. Nauk Kaz.2S$R(1970).
13C. Black, G. G. Joris, and H. S. Taylor, J. Chem. PH\&;.537 (1948.

1H. S. Booth and H. E. Everson, Ind. Eng. Chetf, 1491(1948.

L. S. Budantseva, T. M. Lesteva, and M. S. Nemtsov, Zh. Fiz. Ki&itn.1344(1976.

18A, K. Charykov, V. I. Tikhomirov, and T. M. Potapova, Zh. Obshch. Khi8, 1916(1978.
Th. W. De Loos, W. G. Penders, and R. N. Lichtenthaler, J. Chem. Thermady83 (1982.
¥R. Durand, C. R. Acad. Sc226, 409 (1948.

°H. Fuehner, Ber. Dtsch. Chem. Gé&g, 510 (1924.

203, H. Jones and J. F. McCants, Ind. Eng. Ché6).1956(1954.

2Y. M. Korenman and R. P. Aref'eva, Patent USSR, 553 524, 1977.04.05.

2, M. Korenman and R. P. Aref'eva, Zh. Prikl. KhiniLeningrad 51, 957 (1978.

2%p. Ya. Krasnoshchekova and M. Ya. Gubergrits, Neftekhimiga885 (1973.

247, P. Kudchadker and J. J. McKetta, Pet. Refif, 231 (1961).

2J. Liu, Z. Qin, and J. Wang, J. Chem. Eng. Dafa 1243(2002.

26D. Mackay, W. J. Shiu, and A. W. Wolkoff, ASTM Spec. Tech. PBB3 251 (1975.

2’C. McAuliffe, J. Phys. Chem70, 1267(1966.

283, W. McBain and K. J. Lissant, J. Phys. Colloid Chés8, 665 (1951).

2%]. F. McCants, J. H. Jones, and W. H. Hopson, Ind. Eng. CH&m54 (1953.

30A. Yu. Namiot, V. G. Skripka, and Yu. G. Lotter, Zh. Fiz. Khiri0, 2718(1976.

313, M. Rasulov, Zh. Prikl. Khim(S.-Peterburg73, 203 (2000).

32C. J. Rebert and K. E. Hayworth, AIChE 13, 118 (1967).

33J. W. Roddy and C. F. Coleman, Talaris, 1281 (1968.

34G. Skripka, Tr., Vses. Neftegazov. Nauch.-Issled. 1641.139 (1976.

35G. Sultanov and V. E. Skripka, Zh. Fiz. Khird7, 1035(1973.

36B. Tewari, M. M. Miller, S. P. Wasik, and D. E. Martire, J. Chem. Eng. D2fa451(1982.
$Ya. D. Zel'venskii, A. A. Efremov, and G. M. Larin, Khim. Tekhnol. Topl. Masd), 3 (1965.
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Ref. 3
Ref. 4
Ref. 5
Ref. 6
Ref 7
—calculated

D> o0+

1 2
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500

450

400

350

300

250

@ Ref 1
A Ref.2
+ Ref. 6
© Ref 8
O Ref.9
—calculated

0.0

0.5

1.0 1.5
IOXZ

J. Phys. Chem. Ref. Data, Vol. 33, No. 2, 2004



560

MACZYNSKI, WISNIEWSKA-GOCLOWSKA, AND GO RAL

Table 3.3. Heptane—water

Components
Heptane;
C,Hqg; [142-82-5

Water; H,0; [7732-18-5

References

1H.-J. Bittrich, H. Gedan, and G. Feix, Z. Phys. Chéheipzig) 260, 1009(1979.
L. S. Budantseva, T. M. Lesteva, and M. S. Nemtsov, Zh. Fiz. K&ign1344(1976.

3B. A. Englin, A. F. Plate, V. M. Tugolukov, and M. A. Pryanishnikova, Khim. Tekhnol.
Topl. Masell10, 42 (1965.

43. A. Jonsson, J. Vejrosta, and J. Novak, Fluid Phase Eq@ilib9 (1982.
5C. McAduliffe, J. Phys. Cheni70, 1267(1966.
H. D. Nelson and C. L. De Ligny, Recl. Trav. Chim. Pays-Bas B8Ig.528 (1969.
7J. Polak and B. C. Y. Lu, Can. J. CheBil, 4018(1973.
8L. C. Price, Am. Assoc. Pet. Geol. BuB0, 213(1976.

Reference liquid—liquid equilibrium data

Water rich phase

Hydrocarbon rich phase

T (K) Xl,exp Xl,calc T (K) X2,e><p X2,ca|c
273.2 7.88< 1077 (Ref. 7) 7.5% 1077 273.15 1.50x 10 * (Ref. 3 1.9x 1074
288.2 4.80x 107 (Ref. 4 5.8x% 1077 283.15 3.00< 107“ (Ref. 3 3.0x 1074
293.2 4.62< 1077 (Ref. 4 55x 1077 293.15 5.00< 10™* (Ref. 2 4.8x 10
298.2 5.30x 10" (Ref. 5 5.3x 1077 298.15 6.70< 10™* (Ref. 1) 6.0x 1074
303.2 4.47< 1077 (Ref. 4 52x 1077 303.15 9.57x 107* (Ref. 3 7.5x 1074
308.2 4.53< 10 7 (Ref. 4 52x 107 313.15 8.70< 10™* (Ref. 1) 1.1x 108
313.3 5.00x 107 (Ref. 8 5.3x 107

318.2 4.32< 107 (Ref. 6 5.4%x 1077

328.9 5.60< 10 7 (Ref. § 6.0x 1077

372.3 1.01x 10°° (Ref. 8 1.4%x 1077

391.2 2.05< 10 © (Ref. 8 2.3%x 1077

409.8 4.91x 10°° (Ref. 8 41%x 1077

423.6 7.86X 10°° (Ref. § 6.6x 1078

Other references:

°C. Black, G. G. Joris, and H. S. Taylor, J. Chem. PHy6;.537 (1948.

%4, s. Booth and H. E. Everson, Ind. Eng. Chet), 1941(1948.

13, F. Connolly, J. Chem. Eng. Daia, 13 (1966.

2R. Durand, C. R. Acad. ScR26, 409 (1948.

13H. Fuehner, Ber. Dtsch. Chem. G&§, 510(1924).

¥N. A. Ghanem, M. Marek, and J. Exner, Int. J. Appl. Radiat. 184t.239 (1970.

%A, N. Guseva and E. I. Parnov, Radiokhimiga507 (1963.

6. M. Korenman and R. P. Aref'eva, Patent USSR, 553 524, 1977.04.05.

P, Ya. Krasnoshchekova and M. Ya. Gubergrits, Neftekhiniga885 (1973.

183, F. McCants, J. H. Jones, and W. H. Hopson, Ind. Eng. CH&m54 (1953.

1%, S. Rudakov and A. I. Lutsyk, Zh. Fiz. Khins3, 1298(1979.

20p Schatzberg, J. Phys. Che&, 776 (1963.

2ly, B. Tewari, M. M. Miller, S. P. Wasik, and D. E. Martire, J. Chem. Eng. D2fa451 (1982.
22Ya. D. Zel'venskii, A. A. Efremov, and G. M. Larin, Khim. Tekhnol. Topl. Masé), 3 (1965.

450 330
400
310 |
i M
~ 350 ¢ ~
B~ B~
+ Ref 4
A Ref5 |
O Ref 6 290 A Ref 1
300 K O Ref7 O Ref2
® Ref8 ® Ref3
caloulated calculated
250 1 I 1 ' 270 ) ) | |
0 2 4 6 8 10 0 4 8§ 12 16 20
10°x, 10%,
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Table 3.4. Octane—water

Components References
Octane; GHqg; [111-65-9 L. S. Budantseva, T. M. Lesteva, and M. S. Nemtsov, Zh. Fiz. Ki%ifn.1344(1976.
Water; H,0; [7732-18-3 B. A. Englin, A. F. Plate, V. M. Tugolukov, and M. A. Pryanishnikova, Khim. Tekhnol. Topl.

Masel 10, 42 (1965.

3J. L. Heidman, C. Tsonopoulos, C. J. Brady, and G. M. Wilson, AICh#1,)376 (1985.
43. A. Jonsson, J. Vejrosta, and J. Novak, Fluid Phase Eq@iliB79 (1982.

5C. McAdliffe, J. Phys. Cheni70, 1267(1966.

6J. Polak and B. C. Y. Lu, Can. J. CheBi, 4018(1973.

L. C. Price, Am. Assoc. Pet. Geol. Bub0, 213(1976.

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase

T (K) Xl,exp Xl,calc T (K) X2,exp X2,ca|c
288.2 1.03x 1077 (Ref. 4 1.1x 1077 273.15 1.46< 107 * (Ref. 6 2.0x 1074
293.2 9.90x 108 (Ref. 4 1.1x 1077 283.15 3.24x 107* (Ref. 2 3.2x 1074
298.2 1.04< 10 7 (Ref. § 1.0x 1077 293.15 4.30< 10 * (Ref. 1) 49%x 10°*
303.2 9.60x 10" 8 (Ref. 4 1.0x 1077 298.15 5.01x 10™* (Ref. 6 6.1x 1074
308.2 9.80x 10 2 (Ref. 4 1.0x 1077 310.90 1.00x 1072 (Ref. 3 1.0x 1078
310.9 1.20x 107 (Ref. 3 1.0x 1077 366.50 6.20< 107 % (Ref. 3 7.2x 1078
313.3 8.26x 108 (Ref. 7 1.0x 1077 422.00 3.94x 1072 (Ref. 3 3.4x 1072
342.9 1.43< 1077 (Ref. 7) 1.5x 1077 477.60 1.26< 107! (Ref. 3 1.3x 10°*
394.5 7.29< 1077 (Ref. 7) 6.3x 1077 533.10 3.87x 107! (Ref. 3 4.0x 107t
409.8 1.34< 10 (Ref. 7 1.1x 1078 539.10 5.27x 107! (Ref. 3 45%x 10t
422.7 1.86x 10°° (Ref. 7) 1.9%x 1076 550.40 5.49< 107! (Ref. 3 57x 107t
536.1 3.50x 10 * (Ref. 3 35x 1074

552.8 6.00x 10 (Ref. 3 8.0x 104

Other references:

8E. G. Baker, Geochim. Cosmochim. Act8, 309 (1960.

°C. Black, G. G. Joris, and H. S. Taylor, J. Chem. PHy6;.537 (1948.

4. Fuehner, Ber. Dtsch. Chem. G&g, 510 (1924.

1p. Ya. Krasnoshchekova and M. Ya. Gubergrits, Neftekhimiga885 (1973.

2D, J. Miller and S. B. Hawthorne, J. Chem. Eng. Dafa 78 (2000.

134, D. Nelson and C. L. De Ligny, Recl. Trav. Chim. Pays-Bas B8Igy.528 (1968.

1%, G. Skripka, Tr., Vses. Neftegazov. Nauch.-Issled. 164;.139 (1976.

By, B. Tewari, M. M. Miller, S. P. Wasik, and D. E. Martire, J. Chem. Eng. D2afa451(1982.

450 600
400 500 |+
M M
350 ~ 400
&~ B
[0 Ref3 + Ref. 1
<O Ref. 4 ¢ OO Ref.2
300 | A Refs 300 k& ® Ref3
@ Ref7 EE A Ref 6
calculated calculated
250 1 1 1 1 200 1 1 1
00 05 1.0 15 20 25 0 2 4 6
10°x, 10x,
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Table 3.5. Nonane—water

Components
Nonane; GH,g; [111-84-7
Water; H,0; [7732-18-3

References
L. C. Price, Am. Assoc. Pet. Geol. BuBO, 213 (1976.
2p. Schatzberg, J. Phys. Che&7, 776 (1963.

Reference liquid—liquid equilibrium data

Water rich phase

Hydrocarbon rich phase

T (K) Xl,exp Xl,calc T (K) X2,exp X2.calc
298.2 1.71x 1078 (Ref. 1) 1.9x 1078 298.2 5.6<10 % (Ref. 2 6.2x1074
372.3 5.90< 10 8 (Ref. 1) 6.7x 1078

Other references:

3V. G. Benkovski, M. H. Nauruzov, and T. M. Bogoslovskaya, Tr. Inst. Khim. Nefti Prir. Solei, Akad. Nauk Kaz.2S3R(1970.
4J. A. Jonsson, J. Vejrosta, and J. Novak, Fluid Phase EqgiliB79 (1982.
5P. Ya. Krasnoshchekova and M. Ya. Gubergrits, Neftekhimiga885 (1973.

C. McAuliffe, Sciencel63 478(1969.
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Table 3.6. Decane—water
Components References
Decane; GoH,,; [124-18-3 IA. Becke and G. Quitzsch, Chem. Techeipzig) 29, 49 (1977).
Water; H,0O; [7732-18-3 2l. G. Economou, J. L. Heidman, C. Tsonopoulos, and G. M. Wilson, AICh&3J535
(1997).
SF. Franks, NaturéLondon 210, 87 (1966.
4A. Yu. Namiot, V. G. Skripka, and Yu. G. Lotter, Zh. Fiz. Khiri0, 2718(1976.
5P. Schatzberg, J. Phys. Che&7, 776 (1963.
Reference liquid—liquid equilibrium data
Water rich phase Hydrocarbon rich phase
T (K) Xl,exp Xl,calc T (K) P (kPa) Xz,exp X2,ca|c
293.2 2.50¢ 10 ° (Ref. 1) 3.5x 10°° 298.2 5.70< 10 * (Ref. 5 6.3x 1074
298.2 2.50< 107° (Ref. 3 3.3x107° 313.2 1.07x 1072 (Ref. 5 1.1x 1078
374.2 124 8.4 10 3 (Ref. 2 8.4x 103
423.2 520 2.8 1072 (Ref. 4 3.1x 1072
424.7 531 3.76< 1072 (Ref. 2 3.2x 10?2
473.2 1790 9.5(x 10 2 (Ref. 4 9.4x 1072
475.2 1779 1.1& 107! (Ref. 2 9.8x 10?2
498.2 2900 1.6X 10! (Ref. 4 1.6x 107t
523.2 4630 2.4% 107! (Ref. 4 2.6x 107t
548.2 7180 4.0% 107! (Ref. 4 42x 10!
558.2 8230 5.04 107! (Ref. 4 51x 107t
563.2 9360 6.06< 10! (Ref. 4 57x 101!
Other references:
°E. G. Baker, Amer. Chem. Soc., Div. Petrol. Chem., Pr@pNo4, C-61(1958.
E. G. Baker, Sciencé29 871(1959.
83. Hellinger and S. I. Sandler, J. Chem. Eng. D#0a321 (1995.
%P. Ya. Krasnoshchekova and M. Ya. Gubergrits, Neftekhimiga885 (1973.
19D, Mackay, W. J. Shiu, and A. W. Wolkoff, ASTM Spec. Tech. P63, 251 (1975.
Hc. McAdliffe, Sciencel63 478 (1969.
12y G. Skripka, Tr., Vses. Neftegazov. Nauch.-Issled. 164;.139 (1976.
13Q. Wang and K.-C. Chao, Fluid Phase Equili®, 207 (1990.
550
M450 -
&~
350 A Ref.2
@ Ref 4
O Ref. 5
calculated
250 1 1 1
0 2 4 6
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Table 3.7. Undecane—water

Components
Undecane; GH.,; [1120-21-4
Water; H,0; [7732-18-3

References
IC. McAuliffe, Sciencel63 478(1969.
2p. Schatzberg, J. Phys. Che&7, 776 (1963.

Reference liquid—liquid equilibrium data

Water rich phase

Hydrocarbon rich phase

T (K) Xl,exp Xl,calc T (K) X2,exp X2,ca|c
298.2 5.0%10 % (Ref. 1 4.8x10710 298.2 6.0x 107 * (Ref. 2 6.4x 1074
313.2 1.13< 10 2 (Ref. 2 1.2x 1074

Other references

3P. Ya. Krasnoshchekova and M. Ya. Gubergrits, Neftekhini$ag85 (1973.

Table 3.8. 2-Methylbutane—water

Components
2-Methylbutane; GH4,; [78-78-4
Water; H,0; [7732-18-3

References

IC. Black, G. G. Joris, and H. S. Taylor, J. Chem. PHy.537 (1948.

2B. A. Englin, A. F. Plate, V. M. Tugolukov, and

M. A. Pryanishnikova, Khim. Tekhnol. Topl. Mas&D, 42 (1965.

3S. P. Pavlova, S. Yu. Pavloy, L. A. Serafimov, and L. S. Kofman, Prom-st.
Sint. Kauch.3, 18 (1966.

4J. Polak and B. C. Y. Lu, Can. J. CheBt, 4018(1973.

Reference liquid—liquid equilibrium data

Water rich phase

Hydrocarbon rich phase

T (K) Xl,exp Xl,calc T (K) Xz,exp X2,ca|c

273.2 1.81x 107° (Ref. 4 1.7x10°° 283.2 2.37x 10 (Ref. 2 3.2x 1074
293.2 1.17x 107° (Ref. 3 1.4%x 10°° 293.2 4.49< 10 * (Ref. 2 5.2x 1074
298.2 1.24x 107° (Ref. 4 1.3x10°° 293.7 4.02< 107* (Ref. 1) 5.4% 1074
313.2 1.44x 1075 (Ref. 3 1.3x 10°° 313.2 1.03x 103 (Ref. 3 1.3x 1078
323.2 1.75x 107° (Ref. 3 1.4x10°° 333.2 2.34x 1072 (Ref. 3 3.0x 1073

Other references

5C. McAuliffe, J. Phys. Chem70, 1267(1966.

8L. C. Price, Am. Assoc. Pet. Geol. BuBO, 213(1976.

Table 3.9. 2,2-Dimethylbutane—water

Components
2,2-Dimethylbutane; gH,,; [75-83-2
Water; H,0; [7732-18-5

References
C. McAuliffe, J. Phys. Chem70, 1267 (1966).
2J. Polak and B. C. Y. Lu, Can. J. CheB1, 4018(1973.

Reference liquid—liquid equilibrium data

Water rich phase

T (K) Xl,exp

Hydrocarbon rich phase

Xl,calc T (K)

X2,exp X2,calc

298.2 3.85%10°° (Ref. 1)

4.1x10°8 273.2

1.5%107* (Ref. 2 2.0x1074

Other references:

3L. C. Price, Am. Assoc. Pet. Geol. BuBO, 213(1976.
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Table 3.10. 2,3-Dimethylbutane—water

Components References
2,3-Dimethylbutane; gH,,; [79-29-8 1B. A. Englin, A. F. Plate, V. M. Tugolukov, and M. A. Pryanishnikova,
Water; H,0O; [7732-18-3 Khim. Tekhnol. Topl. Masell0, 42 (1965.

2J. Polak and B. C. Y. Lu, Can. J. CheBt, 4018(1973.
3L. C. Price, Am. Assoc. Pet. Geol. BuBO, 213(1976.

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase
T (K) Xl,exp Xl,calc T (K) XZ,exp X2,ca|c
298.2 3.99x 10 ° (Ref. 3 39x 10°° 273.2 1.43< 10 * (Ref. 2 1.9x 1074
313.3 4.01x 1076 (Ref. 3 3.8x 1076 283.2 2.80x 104 (Ref. 1) 3.1x 1074
328.3 4.95¢ 10 ® (Ref. 3 42%x 10°° 293.2 5.26x 10 4 (Ref. 1) 5.0x 104
372.3 8.38x 107 ° (Ref. 3 8.3x 10°° 303.2 9.18< 107 * (Ref. 1) 7.8%x 1074
394.5 1.19x 107° (Ref. 3 1.4%x 10°° 313.2 1.54x 103 (Ref. 1) 1.2x 108
410.5 2.05 10°° (Ref. 3 2.1x 1075
422.7 3.37 107° (Ref. 3 2.9x 107°
450 330
400 | 310
N -4
~350 ~ 290
[ B~
300 + ® Ref3 270 | ® Refl
— calculated —— calculated
250 1 ' L 250 L 1 L
0 1 2 3 4 00 05 10 15 20
10° x, 10°x,
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Table 3.11. 2-Methylpentane—water

Components References
2-Methylpentane; gH,,; [107-83-3 IC. McAuliffe, J. Phys. Chem0, 1267(1966.
Water; H,0; [7732-18-3 2J. Polak and B. C. Y. Lu, Can. J. CheB1, 4018(1973.

SL. C. Price, Am. Assoc. Pet. Geol. Bub0, 213(1976.

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase

T (K) Xl,exp Xl,calc T (K) X2,exp X2,calc
273.2 4.06x 106 (Ref. 2 3.8x 10°° 273.2 1.3% 10 * (Ref. 2 1.9x10°4
298.2 2.88< 10 ® (Ref. 1) 2.9%x 1078

313.3 2.88x 1076 (Ref. 3 2.9%x 1078

328.9 3.28¢ 10 ® (Ref. 3 32x10°°

372.3 5.67x 107 ° (Ref. 3 6.4x 1078

391.2 9.39¢ 10 °® (Ref. 3 9.8x 10 ¢

410.5 1.81X 107° (Ref. 3 1.6x 107

422.7 2.36x 10°° (Ref. 3 2.3% 107°

Other references:
4J. F. Connolly, J. Chem. Eng. Dat4, 13 (1966.
5P. J. Leinonen and D. Mackay, Can. J. Chem. B51g.230(1973.

450
400 |
b2
2350 -
A Refl
300 O Ref2
® Ref3
—— calculated
250 = L
0 1 2 3
10°x,

Table 3.12. 3-Methylpentane—water

Components References
3-Methylpentane; gH.,; [96-14-0 1J. Polak and B. C. Y. Lu, Can. J. ChebB1, 4018(1973.
Water; H,0; [7732-18-5

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase
T (K) Xl,exp Xl,calc T (K) Xz,exp Xz,calc
273.2 4.49x 10 ° (Ref. 1) 46x 10°° 298.2 45¢10°* (Ref. 1) 6.1x 1074
298.2 3.74< 107 ° (Ref. 1) 3.5x 1076

Other references:

2C. McAuliffe, J. Phys. Chem70, 1267(1966.

3L. C. Price, Am. Assoc. Pet. Geol. Bub0, 213(1976.

“E. S. Rudakov and A. I. Lutsyk, Zh. Fiz. Khirs3, 1298(1979.
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Table 3.13. 2,2-Dimethylpentane—water

Components References
2,2-Dimethylpentane; {;4; [590-35-2 L. C. Price, Am. Assoc. Pet. Geol. Bub0, 213 (1976.
Water; H,0; [7732-18-3

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase
T (K) Xl,exp Xl,calc X2,ca|c
298.2 7.%10°7 (Ref. 1) 8.8x1077 6.6x1074

Table 3.14. 2,3-Dimethylpentane—water

Components References
2,3-Dimethylpentane; {,¢; [565-59-3 L. C. Price, Am. Assoc. Pet. Geol. Bub0, 213(1976.
Water; H,0; [7732-18-3

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase
T (K) Xl,exp Xl,calc Xz,calc
298.2 9.4% 107 (Ref. 1) 1.1x10°° 5.9x10°*

Table 3.15. 2,4-Dimethylpentane—water

Components References
2,4-Dimethylpentane; £,4; [108-08-1 1). Polak and B. C. Y. Lu, Can. J. Chefl, 4018(1973.
Water; H,0; [7732-18-3 2L. C. Price, Am. Assoc. Pet. Geol. BuB0, 213(1976.

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase
T (K) Xl,exp Xl,calc T (K) XZ,exp XZ,caIc
273.2 1.17x 10 ® (Ref. ) 1.1x 1076 273.2 1.7%10 * (Ref. ) 2.0x10°*
298.2 7.92x 1076 (Ref. 2 8.0x 1078

Other references:
3C. McAuliffe, Nature(London 200, 1092(1963.
4C. McAuliffe, J. Phys. Chem70, 1267(1966.
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Table 3.16. 3,3-Dimethylpentane—water

Components References
3,3-Dimethylpentane; {,4; [562-49-2 L. C. Price, Am. Assoc. Pet. Geol. Bub0, 213 (1976.
Water; H,0; [7732-18-3

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase
T (K) Xl,exp Xl,calc X2,calc
298.2 1.06x 10°¢ (Ref. 1 1.2x 1078 6.0x 1074
313.2 1.22< 10 ° (Ref. 1) 1.2x 1078 1.1x 1078
329.2 1.47x 10°° (Ref. 1 1.4%x 1078 2.1x 1072
343.2 1.85x< 10 © (Ref. 1) 1.6x 106 35x10°°
372.2 2.84x 10 ° (Ref. 1) 2.9%x 1078 9.2x 1072
391.2 4.91x 1076 (Ref. 1) 47x 10°° 16X 102
423.2 1.55x 10°° (Ref. 1) 1.2x10°° 3.9%x 1072
450
[ ]
400 |
M
~ 350 |
B~
300 |
@ Refl
—— calculated
250 . : !

0.0 0.5 1.0 1.5 2.0
10°x,

Table 3.17. 2-Methylhexane—water

Components References
2-Methylhexane; ¢H;g; [591-76-4 1B. A. Englin, A. F. Plate, V. M. Tugolukov, and M. A. Pryanishnikova,
Water; H,0; [7732-18-5 Khim. Tekhnol. Topl. MasellO, 42 (1965.

°L. C. Price, Am. Assoc. Pet. Geol. BuBO, 213(1976.

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase
T (K) Xl,exp xl,calc T (K) X2,exp X2,ca|c
298.3 45% 1077 (Ref. 2 6.3x10°7 283.2 3.12¢x 107 * (Ref. 1) 3.2x 1074
293.2 5.73< 10" (Ref. 1) 5.0x 1074
303.2 1.012< 1072 (Ref. 1) 7.8%x 1074
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Table 3.18. 3-Methylhexane—water

Components References
3-Methylhexane; ¢Hq4; [589-34-4 1J. Polak and B. C. Y. Lu, Can. J. Chebt, 4018(1973.
Water; H,0O; [7732-18-3

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase
T (K) Xl,exp Xl,calc T (K) X2,exp X2.calc
273.2 9.41x 1077 (Ref. 1) 1.1%x 106 273.2 1.3% 10 * (Ref. 1) 1.9x10°4
298.2 8.89¢ 10 7 (Ref. 1) 7.7%x 1077

Other references:
2L. C. Price, Am. Assoc. Pet. Geol. BuB0, 213(1976.

Table 3.19. 3-Methylheptane—water

Components References
3-Methylheptane; gH,g; [589-81-1 L. C. Price, Am. Assoc. Pet. Geol. Bub0, 213 (1976.
Water; H,0; [7732-18-3

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase
T (K) Xl.exp Xl,calc Xz,calc
298.2 1251077 (Ref. 1) 1.6x10°7 6.1x10°4

Table 3.20. 2,2,4-Trimethylpentane—water

Components References
2,2,4-Trimethylpentane; ¢,5; [540-84-1 L. S. Budantseva, T. M. Lesteva, and M. S. Nemtsov, Zh. Fiz. Ki&itn1344(1976.
Water; H,0; [7732-18-3 2B. A. Englin, A. F. Plate, V. M. Tugolukov, and M. A. Pryanishnikova, Khim. Tekhnol.

Topl. Masell10, 42 (1965.
3J. Polak and B. C. Y. Lu, Can. J. ChebBil, 4018(1973.

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase
T (K) Xl,exp Xl,calc T (K) Xz,exp X2,ca|c
273.2 3.88x 107 (Ref. 3 3.6%x 1077 273.2 1.97X 107* (Ref. 2 2.1x 1074
293.2 3.00< 1077 (Ref. 1) 2.6x 1077 283.2 3.74< 10 % (Ref. 2 3.4x 1074
298.2 3.23x 10 7 (Ref. 3 2.6x 1077 293.2 4.40x 104 (Ref. 1) 5.4x 104
298.2 5.07x 10 % (Ref. 3 6.7x 1074

Other references:

4E. G. Baker, Geochim. Cosmochim. Act8, 309 (1960.

5T. I. Berkengeim, Zavod. Lahl0, 592 (1941).

5M. B. Gramajo de Doz, C. M. Bonatti, N., Solimo, and H. N. Barnes, J. Chem. Therm88ya663(2007).
C. McAuliffe, J. Phys. Cheni70, 1267 (1966.

8D. J. Miller and S. B. Hawthorne, J. Chem. Eng. D4t 78 (2000.

°N. Peschke and S. I. Sandler, J. Chem. Eng. 281815 (1995.

10, C. Price, Am. Assoc. Pet. Geol. Bub0, 213(1976.
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Table 3.21. 2,3,4-Trimethylpentane—water

Components References
2,3,4-Trimethylpentane; §H,g; [565-75-3 1J. Polak and B. C. Y. Lu, Can. J. CheBl, 4018(1973.
Water; H,0; [7732-18-3

Reference liquid—liquid equilibrium data

Water rich phase )
Hydrocarbon rich phase

T (K) Xl,exp Xl,calc X2,calc
273.2 3.69< 1077 (Ref. 1) 45x 1077 1.9%x 1074
298.2 3.62¢ 10 7 (Ref. 1) 3.2%x 1077 59x 104

Other references:
2L. C. Price, Am. Assoc. Pet. Geol. Bub0, 213(1976.

Table 3.22. 2,2,5-Trimethylhexane—water

Components References

2,2,5-Trimethylhexane; &,,; [3522-94-9 1J. Polak and B. C. Y. Lu, Can. J. Chebi, 4018(1973.
Water; H,0; [7732-18-3

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase
T (K) Xl,exp Xl,calc T (K) X2,exp X2,ca|c
273.2 1.1% 107 (Ref. 1) 8.6x10°8 273.2 1.78x< 10™* (Ref. 1) 2.1x 1074
298.2 5.34x 10~ * (Ref. 1) 6.7%x 1074

Other references:
2C. McAuliffe, J. Phys. Cheni70, 1267 (1966.
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Table 3.23. Cyclopentane—water

Components
Cyclopentane; €H;,; [287-92-3
Water; H,O; [7732-18-5

References
IF. R. Groves, J. Chem. Eng. Da28, 136(1988.
2L. C. Price, Am. Assoc. Pet. Geol. BuB0, 213(1976.

Reference liquid—liquid equilibrium data

Water rich phase

Hydrocarbon rich phase

T (K) Xl,exp Xl,calc XZ,caIc

298.2 4.22x 1075 (Ref.1) 4.3x10°° 3.9%x 1074
313.3 4.19¢ 10 ° (Ref.2 45% 10°° 75x 1074
328.9 4.62x 10°° (Ref.2 5.0x 107° 1.4x%x 1078
372.3 7.61x 10 ° (Ref.2) 8.8x 10°° 6.5x 10 °
391.2 9.56x 10 ° (Ref.2 1.2x 1074 1.2x 1072
410.5 1.57x 1074 (Ref.2) 1.8x 1074 2.1x 1072
426.3 2.04x 10 * (Ref.2 25%x 1074 3.3x 1072

Other references:

3B. A. Englin, A. F. Plate, V. M. Tugolukov, and M. A. Pryanishnikova, Khim. Tekhnol. Topl. Mab@|42 (1965.
4A. N. Guseva and E. I. Parnov, Vestn. Mosk. Univ., Ser. 2: KHi®).77 (1964).
5C. McAuliffe, J. Phys. Cheni70, 1267 (1966.
®R. A. Pierotti and A. A. Liabastre, U.S. NITS, PB Rep., No 21163, 113 pp, 1972.

450

400

= 350

300

250

[m}
®

Ref 1
Ref. 2
calculated
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Table 3.24. Cyclohexane—water

Components References
Cyclohexane; gH;,; [110-82-7 L. S. Budantseva, T. M. Lesteva, and M. S. Nemtsov, Zh. Fiz. K&n1344(1976.
Water; H,0; [7732-18-§ 2R. Durand, C. R. Acad. ScR26 409 (1948.

3p. K. Glasoe and S. D. Schultz, J. Chem. Eng. Data66 (1972.

4S. Goldman, Can. J. Cherfi2, 1668(1974.

5F. R. Groves, J. Chem. Eng. Da38, 136 (1989.

5R. A. Pierotti and A. A. Liabastre, U.S. NITS, PB Rep., No 21163, 113 pp, 1972.
7J. W. Roddy and C. F. Coleman, Talarits, 1281 (1968.

8F. P. Schwarz, Anal. Chens2, 10 (1980.

°D. N. Tarassenkow and E. N. Poloshinzewa, Ber. Dtsch. Chem. 65484 (1932.
10C. Tsonopoulos and G. M. Wilson, AIChE 29, 990 (1983.

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase
T (K) Xl,exp Xl,calc T (K) X2,exp X2,ca|c
278.3 1.84x 10°° (Ref. § 15%x 10°° 283.15 1.60< 10 * (Ref. 4 2.0x 1074
289.2 1.30x 107° (Ref. 2 1.4%x 10°° 287.15 2.30x 107 * (Ref. 9 2.4x 1074
293.2 1.50< 10 ° (Ref. 1) 1.3x10°° 288.15 2.80< 10 “ (Ref. 3 2.6x 104
296.7 1.10x 107° (Ref. 8 1.3x 10°° 293.15 2.80x 10°* (Ref. 4 3.3x 1074
298.2 1.25¢ 10°° (Ref. 5 1.3x 10°° 298.15 3.75¢ 10™* (Ref. 7) 4.0x 104
313.2 1.56x 107° (Ref. 10 1.4x 1075 303.15 4,50 107 * (Ref. 4 5.0x 1074
373.2 3.79< 10°° (Ref. 10 3.2x 10°° 308.15 5.30x 10 * (Ref. 4 6.2x 1074
422.0 1.03x 107* (Ref. 10 1.0x 1074 313.15 8.87x 10 * (Ref. 10 7.6x 1074
473.2 3.92< 107 * (Ref. 10 4.0x 10 373.15 5.12x 1072 (Ref. 10 6.3x 1072
482.2 4.93x 10 * (Ref. 10 51x 104 423.15 2.40x 102 (Ref. 10 2.6%x 1072
473.15 7.93x 102 (Ref. 10 8.6 1072

Other references:

1T 1. Berkengeim, Zavod. Lall0, 592 (1941).

2P Backx and S. Goldman, J. Phys. Ché$, 2975(1981).

13C. Black, G. G. Joris, and H. S. Taylor, J. Chem. PHy6;.537 (1948.

K. Brollos, K. Peter, and G. M. Schneider, Ber. Bunsen-Ges. Phys. Ch%r682(1970.

15s. D. Burd, Jr. and W. G. Braun, Proc. Am. Pet. Inst., Div. Ref8).464 (1968.

68, A. Englin, A. F. Plate, V. M. Tugolukov, and M. A. Pryanishnikova, Khim. Tekhnol. Topl. M4d€el2 (1965.
M. D. Gregory, S. D. Christian, and H. E. Affsprung, J. Phys. Cheéin.2283(1967).

187, N. Guseva and E. I. Parnov, Radiokhimiga507 (1963.

19, N. Guseva and E. I. Parnov, Zh. Fiz. Khi7, 2763(1963.

203. R. Johnson, S. D. Christian, and H. E. Affsprung, J. Chem. Soc. A1966.

213, Kirchnerova and G. C. B. Cave, Can. J. Ché).3909(1976.

22|, M. Korenman and R. P. Arefeva, Patent USSR, 553 524, 1977.04.05.

23, M. Korenman and R. P. Arefeva, Zh. Prikl. KhirtLeningrad 51, 957 (1979.

%A, P. Kudchadker and J. J. McKetta, AIChE7).707 (1961).

25p. J. Leinonen and D. Mackay, Can. J. Chem. B51g.230(1973.

26D. Mackay and W. Y. Shiu, Can. J. Chem. Ef@, 239 (1975.

2D. Mackay, W. J. Shiu, and A. W. Wolkoff, ASTM Spec. Tech. PBB3 251 (1975.

25C. McAuliffe, J. Phys. Chem70, 1267(1966.

293, W. McBain and K. J. Lissant, J. Phys. Colloid Chés8, 665 (1951).

30R. M. Plenkina, R. O. Pryanikova, and G. D. Efremova, Zh. Fiz. Khi#).2389(1971).

81, C. Price, Am. Assoc. Pet. Geol. Bub0, 213(1976.

%2C. J. Rebert and K. E. Hayworth, AIChE 13, 118(1967).

3%E. S. Rudakov and A. I. Lutsyk, Zh. Fiz. Khirs3, 1298(1979.

34, sanemasa, Y. Miyazaki, S. Arakawa, M. Kumamaru, and T. Deguchi, Bull. Chem. So®Q517 (1987).
3%V, G. Skripka, Tr., Vses. Neftegazov. Nauch.-Issled. 164t.139 (1976.

36R. M. Stephenson, J. Chem. Eng. D& 80 (1992.

3’Ya. D. Zel'venskii, A. A. Efremov, and G. M. Larin, Khim. Tekhnol. Topl. Magk), 3 (1965.
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500
450
400
N
-~
|3 0 Ref.3
350 ® Ref 4
O Ref 7
4+ Ref 9
300 A Ref 10
calculated
2 50 1 (] Il 'l
2 4 6 0 2 4 6 8
10%, 10%,
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Table 3.25. Methylcyclopentane—water

Components References

Methylcyclopentane; gH;,; [96-37-7 IE. S. Rudakov and A. |. Lutsyk, Zh. Fiz. KhirB3, 1298(1979.

Water; H,0; [7732-18-3

Reference liquid—liquid equilibrium data

Water rich phase

T (K) Xl,exp Xl,calc

Hydrocarbon rich phase

X2 calc

298.2 9.6<10° ¢ (Ref. 1) 1.0x10°°

4.6x10°4

Other references:

2B. A. Englin, A. F. Plate, V. M. Tugolukov, and M. A. Pryanishnikova, Khim. Tekhnol. Topl. M4€gK42 (1965.

SA. N. Guseva and E. I. Parnov, Vestn. Mosk. Univ., Ser. 2: Khi®).77 (1964).
4C. McAuliffe, J. Phys. Chem70, 1267 (1966.
5L. C. Price, Am. Assoc. Pet. Geol. BuB0, 213(1976.

Table 3.26. Cycloheptane—water

Components
Cycloheptane; ¢H,,; [291-64-3
Water; H,0; [7732-18-3

References
IF. R. Groves, J. Chem. Eng. D28, 136 (1988.
2C. McAuliffe, J. Phys. Chem70, 1267 (1966.

Reference liquid—liquid equilibrium data

Water rich phase

Hydrocarbon rich phase

T (K) Xl,exp Xl,calc XZ,caIc
298.2 5.50< 10" ¢ (Ref. 2 4.3x 10°° 3.9x 1074
303.2 4.99x 1076 (Ref. 1) 43x 10°° 49x% 10°*
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Table 3.27. Methylcyclohexane—water

Components

Methylcyclohexane; ¢H,,; [108-87-2

Water; H,0; [7732-18-3

References

L.

C. Price, Am. Assoc. Pet. Geol. Bub0, 213(1976.

Reference liquid—liquid equilibrium data

Water rich phase

Hydrocarbon rich phase

T (K) Xl,exp Xl,calc X2,calc

298.2 2.90< 107 (Ref. 1) 2.9%x 1076 4.7x 1074
313.3 3.30x 10 ° (Ref. 1) 3.1x 10°° 8.9x 1074
328.9 3.50< 107 (Ref. 1) 3.6x 10°° 1.6%x 1073
372.3 6.20x 10 ° (Ref. ) 8.1x 10°° 6.9% 1072
393.2 1.46x 10°° (Ref. 1) 1.4x10°° 1.3%x 1072
410.5 2.55< 10°° (Ref. 1) 2.3x 107° 2.0x 1072

Other references:

2B. A. Englin, A. F. Plate, V. M. Tugolukov, and M. A. Pryanishnikova, Khim. Tekhnol. Topl. M4€eK2 (1965.
SF. R. Groves, J. Chem. Eng. Da28, 136(1988.

4A. N. Guseva and E. I. Parnov, Vestn. Mosk. Univ., Ser. 2: KHi®).77 (1964).
5S. Hellinger and S. I. Sandler, J. Chem. Eng. D48a321 (1995.

5C. McAuliffe, J. Phys. Chem70, 1267(1966.

7E. S. Rudakov and A. I. Lutsyk, Zh. Fiz. Khir3, 1298(1979.

450

400

e 350

300

250

@® Ref ]
——calculated

1

2 3

10°x,

Table 3.28. Cyclooctane—water

Components
Cyclooctane; GH;¢; [292-64-§
Water; H,0; [7732-18-3

References
IC. McAuliffe, J. Phys. Chem70, 1267 (1966).

Reference liquid—liquid equilibrium data

T(K)

Water rich phase

Xl,exp

X1 calc

Hydrocarbon rich phase

X2 cale

298.2

1.2 10 6 (Ref. 1)

1.2x10°6

4.1x1074
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Table 3.29.cis-1,2-Dimethylcyclohexane—water

Components References
cis-1,2-Dimethylcyclohexane; ¢H,4; [2207-01-4 IC. McAuliffe, J. Phys. Chem70, 1267(1966.
Water; H,0; [7732-18-5

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase
T (K) Xl,exp Xl,calc X2,calc
298.2 9.6<1077 (Ref. 1) 7.9x1077 4.8x10°4

Table 3.30. Ethylcyclohexane—water

Components References

Ethylcyclohexane, gH;s [1678-91-7 1. L. Heidman, C. Tsonopoulos, C. J. Brady, and G. M., AICHEL)376(1985.
Water; H,0; [7732-18-3

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase

T (K) P (kPa) Xl,exp Xl,calc T (K) P (kPa) X2,exp X2,calc

367.6 117 2.40< 10 % (Ref. 1) 2.2x 1078 310.9 9.9 8.10< 10™* (Ref. 1) 7.9x 1074

479.5 2360 1. 10°* (Ref. 1) 1.2x 1074 367.6 117 6.50< 1072 (Ref. 1) 5.6x 1072

536.1 6690 1.1& 102 (Ref. 1) 1.2x 103 423.4 647 3.0 1072 (Ref. 1) 2.6x 1072

552.8 8830 2.3% 10 2 (Ref. 1) 25%x 1072 479.5 2360 1.0% 10 ! (Ref. 1) 9.5%x 1072
536.1 6690 2.9 107! (Ref. 1) 3.3x 107t
552.8 8830 414 10 ! (Ref. 1) 5.1x 107t
561.4 9930 6.03x 10! (Ref. 1) 7.3x 107t

UCST

Other reference:
A. N. Guseva and E. I. Parnov, Vestn. Mosk. Univ., Ser. 2, KHi8).77 (1964.

600 600
550 F 550
500 F 500
4
~ 450 % 450
T~ B
400 400
* ® Refl ® Refl
350 calculated 350 —calc.ulated
300 . : 300 | : : ;
0 1 2 3 0 2 4 6
3
10°x, 10x,
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Table 3.31. 1-Butylcyclohexane—water

Components References
1-Butylcyclohexane; GHyo; [1678-93-9 1. G. Economou, J. L. Heidman, C. Tsonopoulos, and G. M. Wilson, AICHEB,J535(1997).
Water; H,0; [7732-18-3

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase
T (K) P (kpa) Xl,exp Xl,calc T (K) P (kPa) Xz,exp X2,ca|c
477.6 1902.3 1.6810° (Ref. 1) 1.5x10°° 366.48 6.13< 1072 (Ref. 1) 6.0x 1078
422.04 506.8 2.8% 1072 (Ref. 1) 2.6x 1072
477.59 1902.3 1.0k 107! (Ref. ) 9.1x 1072
533.15 5422.0 2.6& 107! (Ref. 1) 2.7%x 107t
549.82 7107.8 3.4% 107! (Ref. 1) 3.8x 107t
600
550
500
Y
~ 450
B
400
@ Refl
350 calculated
300 1 1 1

10x,

Table 3.32. Pentylcyclopentane—water

Components References
Pentylcyclopentane; {gHyo; [3741-00-2 L. C. Price, Am. Assoc. Pet. Geol. Bub0, 213(1976.
Water; H,0; [7732-18-3

Reference liquid—liquid equilibrium data

Water rich phase Hydrocarbon rich phase
T (K) Xl.exp Xl,calc Xz,calc
298.2 1.5¢10°8 (Ref. 1) 1.7x10°8 5.4x1074
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